Abstract. 2014 Dielectric and piezoelectric relaxations are treated in the same way by the two-site model in order to clarify the difference. The molecular mechanism for these phenomena is assumed to be the reorientation of molecules having permanent dipole moments. It is suggested that the instantaneous response (polarization) to the stimulus is essentially important in the piezoelectric case. The frequency and temperature dependence is discussed for a polymer film. It is shown that many characteristic features of the relaxation phenomena can be well explained qualitatively by this simple model if one assumes an appropriate potential change for the dipole caused by the application (or removal) of the external electric field or strain. [l, 2] . Although phenomenological theories such as a mechanical and electrical model treatment [3] and a two-phase treatment [4] have been proposed, no molecular theory for the relaxation phenomenon has been proposed so far. As concerns dielectric relaxation, on the other hand, many investigations have been made on a molecular basis [5] [6] [7] [8] and the methods are applicable to piezoelectric relaxation with minor alterations.
In solids, the following two cases are considered to be important as mechanisms in which the displacement of electric charges contributes to the mean electric moment [9] : (i) When the electric charge is constrained to the equilibrium position by an elastic restoring force as in ionic crystals, its behaviour is governed mainly by the restoring force and electric field. Born [10] We confine our attention to the piezoelectric direct effect only and exclude the inverse effect, i.e. the production of a mechanical response due to an electric stimulus [13] . Among the four piezoelectric constants, the piezoelectric stress constant e (i.e. the constant for electric response to an external strain) will be treated in the following together with the dielectric constant a, because motion of the dipoles will depend on strain directly rather than on stress. We assume that the microscopic entities responsible for the relaxation in question are permanent dipoles associated with molecular chains and that they are making strongly hindered rotations or rather vibrations around several favourable directions accompanied by occasional transitions from one to the other. Such a situation will be most suitably described by the socalled site model. According to linear response theory, the frequency dependent f,*(w) = F' -iF" and e*(w) = e' -ie" can both be derived from the stochastic behaviour of the dipoles (reorientation) after switching off the constant external electric field or mechanical strain. We can, therefore, develop our molecular theory of F* and e* in a unified scheme, and, by doing so, clarify the difference between these two quantities. (1) . Then, as the response for a sinusoidal force F(t) = Fo exp(iwt), the complex electric susceptibility x*( w) or complex piezoelectric constant e*(m) is given by
The complex dielectric constant F* is'related to x* as F* = 1 + 4 Jtx*. As all the factors except (t + icor) in equation (2) [6] . Some authors (e.g. Kauzmann (1 5]) apply the rate theory of Eyring [16] , which yields A r kT/h in the simplest case, and assumes a linear dependence on the temperature. Hoffman and Pfeiffer [17] assume it to be constant, without any discussion, while Lauritzen [18] simply states that it is only slightly dependent upon temperature. After a rather detailed consideration of the motion of a dipole rotator, Bauer [19] figure 4 , the polarization of the same frequency is observed on the film surface. In-such a dynamic case, the piezoelectric stress constant is usually denoted as e*(o» = e' -ie". In the case shown in figure 4 , the polymer film has the symmetry D oo( 00 22) and the only non-vanishing component of the piezoelectric tensor is e* --e* -e p].
Recently Hayakawa et al. [20] and Furukawa and Fukada [211 ] have made measurements of the piezoelectricity of poly-y-methyl-L-glutamate (PMLG) in detail. Hayakawa and Wada [4, 22] piezoelectric temperature dispersion near room temperature is attributed to the quasi-crystallite which has a relaxing piezoelectricity. A uniaxially drawn film of PMLG is considered to be an oriented one-phase system. Further, a conformational analysis [23] seems to show that U = 0 in PMLG. We will, therefore, try to apply our theory to PMLG.
The frequency dependence of F' and F" observed by many authors [21, 23, 24] seems to be roughly of the Debye type. Strictly speaking, of course, it should be différent from the pure Debye type because of the distribution of the relaxation times. The frequency dependence of' e' and e" observed by Hayakawa et al. [20] is shown in figure 5 
